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% (54) METHOD FOR 
MANUFACTURING 
SEMICONDUCTOR DEVICE 

(57) Abstract 

PROBLEM TO BE SOLVED: To 
provide a method for manufacturing 
a semiconductor device by which 
degradation of a current drive 
capacity is prevented and 
degradation of an operating speed of 
a semiconductor integrated circuit 
is prevented by preventing an 
increase of a parasitic resistor in 
consideration of an influence due to 
etching a semiconductor substrate 
to an NMOS transistor. 

SOLUTION: By ion-implanting 
arsenic or phosphorus into a silicon 
substrate 1 using a gate electrode 
41 as an ion-implanting mask, one 
pair of extension layers 51 is formed 
in a surface of the silicon substrate 
1, and a protection insulating film 14 

: .of 1 to 20 nm in thickness is then 
-formed. with the silicon oxide film by 

» a CVD method on the entire surface 
of the silicon substrate 1. By ion- 
implanting boron or BF2 in the 
silicon substrate 1 via the upper 
part of protection insulating film 14 
using the gate electrode 42 as the 
ion-implanting mask, one pair of 
extension layers 52 is formed in the 
surface of the silicon substrate 1. 
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[ft*Ji i ] ( &)*mfmiK*>*mto£.* ^<th 

SSIONMOS r-7y^X:?J3J:tfSglOPMOS hy 

y->'x 9 ZBJ&t&tztbnm 1 ONM O S^isSfc JT/fg 

10PMOSM*££&5g?-&Xgk. 

( b)^< t 1 milEIS 1 ONMO S^iJit/fftem 1 

op m o sm$±.izm i oy- vmmzm&t&iM 

< c )tme» i on m o sffij^fc iif Buiem l OP MO S 
ffl#Z>mm 1 <oy- HHKBLhK:. ^-ft/Wi* i ax 

( d) lijiem 1 OP MO Sff*£3S 1 

flftv ffiileiS10^-hmS$:aAvx^t LTNS^ 

fcfiftS: -f:ty&AU Huie^loy-h@®OfI!lffi^ 

<r>mi¥&fomm<r>mwi*i t 1 wonslx? x^f y y 3 

<e)MlEgSloyy'Xh-?X?£r|SkfeL*;t£, fTffi^ 

tt^o£®ic»^iiiii8£©j£-ri>x§fc . 

( f ) HfllEB 1 ON M O S?l*££|g20y i^X 

SVV B?I£!fi20^*-hm«i&SEAV.X?i: LTPl^ 

ir- NmSiOfflllffi?h*OHUlS¥^a«0*Ml*lfc 1 «• 
[»*JB2] fiirfEIg<d>t±. 

BulB 1 #0 NSx 7 X-ryi' 3 y;fOg!!$;«p'0. lAtm 

AkSrD. i^f^^lxiO'Vcm'-lx 
1 0 21 /cm3t^J; die. iwsElfrfONMx^XT- 

yy 3 y^sr^-r^xg^^. hhbbi set&o** 

#iiSBoS!Bt;fr&. 

S1WNMOS r-^yy'X^fcltflSlOPMOS f-7 

y yx ? £j&£-r -i. i onmo s mmn x xm 

i opmo smm zzmt , 

( b>^< k t miie^ i on mo smma xt/wesh i 

O P M O S #HsS±£Sf5 1 0 h £^j£-f & TM 

< c ) buIb^ i on mo smma xvmizm 1 op m o s 
mm^mum 1 oy- Me*wK±.fc, -eft-mm 1 & «t 

( d ) Hut^H l ON M O S^igfcg* 1 OU y'X h 7X 7T' 

]Wiefg2oy-hm£i^vx?k LTPM^ 

miZJ* y&A u . nut sis 2 oy- r- mffioffjffl^h^ 
omriB^*a«o*®i*)(c i *}opsx? x^f y x a 
yjfSrm-r&xgt. 

(e) Buie^lOlxy'xhvx^Sr^iU^. fijKPM 

- r-®&£i£AvX;7 fc LT N£2TOttkfr4 *y&A 
L. MESS 1 oy- hSSoMffi^OHuie4^*S« 



BUieXS(e){i, 

mriEl^oNMx^x^yyayso^^^o. lum 

x *) t>m< . t^mwx&mjSsrcttWM&A 
±k & Wcttmmm* ixica nv>~ 1 x 

1 0^/cm^b^chX^iz. Hifiai^ONMx^Xx 
y v 3 y«*»ri«-iXSSr*tr. *#f^BoSgit* 

a. 

[«#JI4] B«fBIg(a)l;L TrafESglONMOS r- 

5 y y*x * i o t iM^WErt^v \% 2 o n M o s h 5 y 
y'x^?rJgfl)ci-i.7t^om2ONM0S^feJ:l^. mf 
tem 1 OP MO S h 9 V-JX9X 9 kt&f^Efl^Sfi 

2 O P M O S b 7 y >-* X ^ JgfiJc-f •& ^O ^ 2 O P M 

BiTl£XS(b){i, HUiei520NMOS^fcJ:t>'mrfe^ 

2oPMos«^±c ttriemioy-h^sjiiot 

mrI£Xg(b)t(c)k£7)^{^ |t)iem2ONM0S«^ 
fcil/mfEm20PMOS^JSO^ffiF*iltC. tfflE*2<0 

NMosh7 y y*x ? o i KtmwFmmii xvmt 

m 2 O P M O S I- 7 y ^*X ^ 0 1 *to P S^l*^)® & 3& 

m-zmzz bizffitz . ti^iiii7t{i:fi^JS2ie 

»o¥*l|#2£BO*Bi*}£. 

5 ] BiTieXg( e ttSEfiHB&Kflftfr 1 n 
m- 2 0 n mOJI? (C^f ^XgSr^O. ff^JS 1 IB 

tto^^^so^it^. 

is*js 5 E«o¥i£f*§£Boiat:^. 
[H^ii7 3 Buiaig(e)ti. ma^^^^^ 

«*« 5 ie«o#sf*^ao^it^. 

Distcj: k> isv ^ya-fk^t L.Tjisawsxgt*tf. 

[000 1] 
[0002] 

[fi£#OSfl5] MOSFET (Metal Oxide Silicon Fi 
eld Effect Transistor) O/NB-fbWttf k-f-V*A4fi 
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[00 0 3] Ui/Xh<r>m£;l±^ y J }->7'l l Zj: *)?to 

— Y-RtfO. l//mS)g<5DMOSFETt>W^$tl,00 
$>S*\ Z.CD£o%MOSFETX~i±V—X- Hl^-f V 

f- y ^ t iURf * % < & 0 ft & .-• 

[0 0 04] mz, Nf-^^MOSFET N 

mos h7> : Jx?tWfo) ti. Pf-v^-;nviosFE 

T PMOSh^v^fcDffr) iOfcf-v* 

k j: o y-A • f w vmtm h\,zm< t£->x^mk 
tffitrzwitoxthk.. hyyiSxfnmmmztem 

mx-z^smwmtih. 

[0 0 0 5] LA»U Vtmz&^Xte. U'Jxhm&Z 

mm-& i m#mmco^-vi->7'i,z^xi$.mzmmt 

yA^tPMOS vyyjx^ b^m^h^xm^h 

CMOS (Complementary MOS) b yyi/XflZ&WX 
BSlgLT^-r^*^ N MO S^^'X? 1$ 
[0 0 0 6] WT, 04 2~04 9£ffl»,vtf£3fc<oCM 

O S h 5 coi^it^tc-pv^TgiBfl-r^ . 

[0 0 0 7] 04 2lC^-fI^CiJV>T. >"'J3 

£ 6 n m o s mm n r & J: xs p m o s mm p r £ 

ffl5Tf-&. ^LT. NMOSSKNRfcWPMOSl 
tSPRlcftJELT, ^^ny^l^SrtlcNS^Ffie 
^Sr-^yCTt'N^Ji^JiNWi: PSPFSsE^Sr^/UfP'* 
x;MU£PWfc£lSj£-r&. -?"LT, ^'J^S^lX 

[0008] <XtZ, 04 3tZ7FCtJLMlZt3\,*X#V zsV 

a>m4_tizu^xh (ii^-r) *rku ?mwM 

iizX 0 IMW*. Y Z't?-->7LX U : JX V?X? 

-e-UT. ]sisxh-?x7*m^xxvi'0 

3yl4|A7--y/L. NMOS^SNRfcitfP 
MOS««iPRJit:^-h«S4 li3j:t/4 2 2:^j£-f 

[ooo9]»;t:. 04 4 iztjk-tJLUiz&^x^nmm 

{Z£ *) PMO SM®P R1.ZW0 X 0 \Z Ui?X 

NMOS^NRtCi3^TJ±y*-b^ 
4 l^AvX?t tTv-U3V^lf*itNS^*E^ 
£-Y=t>iiAU isVziy&miwmMftlziticDJi? 
XT>i"a>m5 IZBlRtZ. m^^X^-y^a 

ym 5 i \ty— Mffi4i cdtsco^ y n i cos 



[ooio] c\zx\ ^x^y^ 3 ymii. WzMfc 

oizm&LZtih^mamAmvb*). v-x- khv 
immtm-msmx-h*). v-x - visjymtLx 
fflfc?h<r>x-v-x- Yv^y^xTy^Bymtn 
m-^x-hhtK ws.mzx.9 xrys/aymtvm 

[00 11] Vi?XV?X7Kl £I&*L*:&.. m4 5 
iZrttXmiZti^X . agaWURfciONMOSIBiflNR 
±5-S5«tdlCl->"Xh-7^^R2^fi!<;L, PMOS 

mmpRizn^xi±y-hmm4 2&&A-?x7tLx 
isvvymmimzpmT-ifoVaz-ixy&AL. ^yn 
ymu i co^ffirttc i ^x^xf>y 3 ym5 2im 
fctz,. itt<7)^-7XT-y>'3ym5 2iiy-hnM4 
2<oTSi?fiovy3>s«i<o^&ratc^T\ *titn-r 

[0 0 12] l/^h7^R2^i*t!tt. 04 6 
tC^-fXg^fcWC. ^y3>-*«10^i5^3«td 
fcv-y^i-BHfcJBt (H**r) £Jft£U iK^yny 
SE-ftJK5r^-b«®4 liJil/4 2co«S?co^^S 
y-h9M4 1&XT/4 2<F>WmV%<7)ioV^ 

>wsl i ±.*>y- h$mm 3 1 1 1 ws*ttx >y 

6 5r^fi£-r^.. 

[0013] 3r*>\ «8«*MMi6tty-MW4 1 fej; 

t/4 2<omm^<r>^ y 3 >ss 1 ±sr>*- Ht&m3 
<r>±.mz bB&zti. h mm 3 1 mtmm 
6tx'2mm&t%&w. is flWk^fcAH 4 6 

^T(± 1 ScOjPJS^a)^ 6 1 LTtfLTV^S. 
[0014] iXi^, 04 7tr^-f-XSCfev%T^:AS^S 
tcj: OPMOSS^P RiSrS'S J: a tcU-^X 
R35:^JSL. NMOSffiijjNRKfcWCiiy-MIS 

4iti£Tfwmkmm6z&A'?x7bLx~>V3ym 
®.i\*iizNm*ft.m*4 *ym\L. i/viymuier, 

$mfoizitt<r>v-x ■ h'L^f ymi 1 Sr®(S.-t-S>. 

[00 15] U^'*hv;*.?R3£l&£L7tf&. 04 8 
l^fXS^fc^T, ^KTOCiDNMOS^JSNR 
±$1I:3«fc5Cl^';*h-?X;?R4£^J&U PMOS 
fB^PRlci3V^Tiiy'-h«S4 2t>itX«M«aK6 
$-SEA-7^ 9h LXisV 3 >S« 1 p^(CPM^^2r 
^■ViiAU. ^y 3^^1co*MrticiMOV-X • 

[ o o 1 6 ] mz. 04 9(c^-rxst-fcviT, >-y 3 
ymLi^mim-o Xotzfyrxy-y. 3'*>i>hh 
&^i±+7ymn&m.*£mmzm&.L. mimmizx 

*)isWA K-ftt-C. y'j3>asi. y-h«S4 1 
*>J:tf4 2cOlltbffii:lSSi^.^«M^gfi4tTV'>i,gB^- 
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ICTjrtCMOS h 7>^? 9 0***§£>iV&. 
[00 17] 

fiHW>«i£fra£ fi^Xii. NMOSffiHENRcOX?;*. 

M3Ji£*l«rl&jI:T , aarV*. l/y^m?R3 

®5 1T'«i^r<. y— HWylTl^x^fy/ 

[0 0 18] ^zBJBJL^-td^x^x^y^ayii 

cO"C\ :x£1£ 1 **x - y ^^ftS ZblzXhfZ 
WiV— x- FWy±gSJ:9i^FK3lfr-S. t*» 

li. ftffl-rS^fA' 'JTcO^iSJS^S^*^. NMOSh 
[0019] -TcoJ::> fc. ft#co¥3ftt§£Scol!ii;fri£ 

[0020] *?&m±±.ii<?> X 3 sSrPJH^* tfc 

coti*£R&jt-f & - k z^mmmmjjcn>i&TZffi± u 

^ffc^WIIII&coi&^J&KcoiKTfcfi&ifc L*: WfcJIfi 

<os8jt*ss-««i-s ^ fc * a wa-t & . 

[00 2 1] 

^< fc&gllcONMOS YyV^XSUXlf^lCOP 

MOSh7>itx?ZBf$rf&tztbcomicoNMOsm 

ta < t i> itrte® i co n m o s ffit£& «t mrf en i o p m 
o s«is±cm i coy- hje*«*»jiW sig ( b ) 

Buie^l<7)NMOS®lSJ3j;^Bl)lB^l<7)PMOS 

m&comzm i *>y- h^ji±t^ -e-ii-rixsi i i 
i^s 2 <oy- h^fiis-^-r hum c)t. mm. i <o 

PMOSfS$£?Mc9^*h-?X?Ti8t\ firfEim 
coy- httfi££&Av;*.;? t LT NM^&ftSM ^ >i£ 

a l , luien i b mscoM^cofoie^ft* 

fccomWlHlzl ttcoNSx? x-r > >- a >m£&f8.-th 
II(d)i. tulfimKOl^^xb-e^^SrK^Lfvrf^ 



fne^l<7)NM0S«lSS:n2OU'v ; ^.bV^.^f 
gifted coy-h€S£i£AvX? 2: LTPS^F 

[0022] *»H8fc««3l*JH2Ktt<0^«^at<0 

S8i&fr8;ti. frtexs(d)*^ ttfiei^oNSx^X'r 

JS*U X 1 0 19 /cm 3 ~l X 1 O^/cm^t^hXo 

[0023] ^mz^m^m3sm<7^mwmm<r> 
aetata*. *mimm<r>mmmz. ^<thmm 

NMOSh5y^^*Jit/il(7)PMOSb7yyX 
9 fcJftfctifcftOSS 1 coNMO S^i&fc itfgl 1 COP 
MOS«JS^ffi^-TSXS(a)t. ^-=5r<ttB?iam 

CON MO S flil§i3 i^mie^ 1 CO P MO SfBHLLtC* 1 

coy-ht&mmz&f8.~i-2>T.n(b)t. lutein 1 con m 

0 sffiistj xx/mtzm i cop mo s^i^o^fem i «y 

- b^iffi±(=. Zti^tiW. 1 J:tf!iS2coy- Mgss 
*mffcf&JLM{c)b. BUiaifSlcONMOS1Si£S-|f51 

cov-^b-7Xi?t-av>, H>ness2coy-b«ffiSraA 

- hmScofraffi^cOmiE^^S^^Mrt \z l *tco 
PMx^^x>'>'3>'e2r^-f--g.Xg<d)fc. HufEIS 

icoiszsxh-?*7*mi;LKm. miPMosmm^ 
m2cou : Jxh-?x7x-m^* mmicoy-bWM* 

co>-'- ^m&comm^comi^^^commmz 1 

^cONSx^X^>v- g V«5r^-r^XS(e) t Srfll 

Kriexs(e)*^ BirieiWcoNSx^xx>-^3>- 

mcomZtf 0 . 1 ,u m J: 0 1 »< . Wfe¥*£tt»£iiEffi 
iff^T^^SJE^ft^fc^O. ft^^pE^igJS^'l x 

1 O'Vcm'- 1X1 0 !1 /cm 3 i:^ •Sidle, WIE 

[0024] *^9«t^SI«*JS4lE©cO^^^Sco 
W8El8(a)*«. mie^lcONMOSb^ 
y V* 9 X *) t »^mff* { ffiV « 2 CO N M O S h y > S J 
XfZmf&^htlihCO^CONMOSffii&tsXTf. mflE 

sg i co p m o s h 5 v ~jx 9 x k> t> myms.ifs ^% 2 

co P M O S > y V i?X 9 Z JfM"t 4 tztbcom 2 CO P M O 
sm&ZMfctZTMZ-k*: B5iexg(b)Ji:. tutsm 

2 CO N M O S ffi$05 X If Mien 2 CO P M O S ^J&l l,Z . 
«E»lwy-Me»«J:»}t,Jiv«2<oy-hJftHW 
5r^-r4Xg$:#*. MieXS(b)i:(c)tcora^, 
Mien2cONMO SHlS*3it/Buien2cOPMO S«i^ 
coaffirtt". |?ieiS2cONMOS h^y^'X^COl^ 
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[0025] **^*c»*»*3a5EttOimW«tK«0 
Wmftm±. ffifieiS(e)*5. Buffitetlf&iiJll*: l nm 
—2 0 nm^JS^^^-r^XSSr-^AT'V^., 

[0026] immz&hmimeimcr>2mfomw.<7> 

^ J: OS'y LTJ&£-rsxe£-£A,T'H 
S. 

[0027] 4fM5B7EttOim»«^B^> 

St J: O^'Jn^Uii: LXim&hJMttA,^ 
£. 

[0028] *»HBfc«4»*S8Ea<02m»t«Kt<0 
WftirftW;. miiexS(e)*<, flfflftajgftUK&cvD 

S. 

[0029] *»Wfc:«48»««9e»<vm»f«l«0 

ati o v-u ^>mimk Lxmffct zimz-t A,x-^ 

[00 30] 

[%^^dfe<o®.*B] <a. ms&nmte i >cmo s h 

[ 0 0 3 1 ] -T^r^. CMOS>5y^^tt5^t 
i?x-r>^3>'/I;fc«}:tf7--.x • FHV±KJi£# 
J^-fSlCti. NMOSfgt&fciT/PMOS^i&O-Hl-?-' 

tiic or . i/y'xm? c^j£<7)7ttf><o^XigfiRx 

grt^Sr < £ i> 2 EHi&RT* £ *^ PMOSiitfc 
>mcOB!8.Z:. NMOSm*£J:9k 

a >-Ji*^< =5r & - 1 * Rfeih-T ^> i t i> . 

i o o 3 2 ] <a- i . mt^m>vxr. mi ~~m i o 

£fflVvc*^fc{R*$a6tf>#»l t LT. CMOSb 

1 o o<7)gli&1jikiz^xwm-t&. 
cMosh5yyx^ioo«tt m&xm&wm 

1 0tCi>V">T7K$#T.-i). 

[0033] 01 t^-TiSicfcv^T. i^'Jay 
g& 1 0$Brt£*?#ft&8K 2 £§HftWt::^j£ L 

ZB&th NMO SISJ^N RiUtfPMO SfS*£P R£ 
Sgg-T-S.. *LT. NMOS^NRfcitXPMOSfg 
tgPRtcWELT. ^yavSm^MflCCNS!^ 
tt**/WfN^x/l/««NWfc Pl^H)?-^ZfP7 
x/Hgl£ P W 1 2: J£f£-f •& . 



[0034] y^ylSli^Iti/'Jny 

^JE^T* . ?~ VWm 3 Oil? li v U 3 yi£fUl<0 
m— 2 0 n mgg t & £ <£ 3 . 

[ o o 3 5 ] * . y- hmmm 3 oxalate v 

DStC i $ 5 0~ 3 0 0 n mWJ >- 'J 3 >-Jgt4 £ 
^fi^TS. &i>, v-'Jn>-K4(i. 'Jy (P) 
n> (B) ^rt'c^^tiSrWU^H^h^'J^'Jny 
JBITifc-sT t^L. /y S^'J 3 »KT-^-3 
Tt.ftv\, K-rh--KU>'Ur7^<7)^^;ti5V>-C(i;. C 
VDSlc J: 4*W+«:T»«ft**Af * J: 3 K LT 
n L . y > H U isV^ytig.ir&tfx.L ttkiz-i * V 

UV^D>-^i:£0^*e^/iJtT'^<, 7 >y« ( F ) 
gfg (N) fc^TOMhfclib'Ovtij^. 
[0 036] .-KU^yayKw^tbOfc. 

[0037] <XC. H2t^XS(C±5HT* , y>-y3 
JiS fc J: 0 U ^ h ^ ^ yy tX U : JX V -?x 

-e-Lx. u^xh-?x^^m^x^v>- 

U3yi4^^-r.>'/L, NMOS?MtSNR*JJ:y 
PMOSflliPR±ty-h«S4 1*5^1^4 2 

[0038] }^IC. 113 iZTFCtJMlCtS^XimWKliZ 
X *) N M O SfS^N R±Sr^3 J: 3 U v=X b ^ R 
1 lSr^EE-TS. *LT. 3^S«1 S:fc*:T*6 0 
" SSfitt, PMOS^JSPRtfcV^T^y 3yltl 
p"3^b^ (As) ftSV^i'J ^ONM^^Sr-f^^a 

AX^^f— Ike V~5 OkeV, K— Xfil X 1 0 
13—1 X 1 0>Vcm'tJ>&. 

[0039] i<7>aAt=ISL'T(±. mfcXfafrhnxZX 

tfm-T-t h t.mz. is y 3 1 &wsftjST-Mrt 

0«$-ti:Tff^A£fi : 3fcn3 J;3^. y'Jnyil 
lS-Br^WtEftS-fr^-fcr, **-h«*4 2<^MM 
ttt&isiJpy&Wii mz®tbJj\infrt>NW^m®£iZ 
Xth^ktfX'^h. 

[0040] ^7M92liyD3yMl<o±IC 

it?-hmm4 2(r>T&<?>Tm&x'mELx^&. % 

# i. /cltA 0 iitri 3 iz-t h Z t *>*Sifc Ln*\ x'Jn 

va« i <nnmftmt*mwmw<DV4 hizx ot 

a^ y . H 3 O J: 3 tit^SWc^ ^STiiA^r S £ 
*#-f . Mtffi4 2 0Tg50»«(c{±fti OAy&tf) 

[004 1 ] hJ19 2t2V— X • HU'O'JitJi 
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BWT'lStt'bfLTV^. ^-y hJI92Ji^"-h 

[0042] friz. 04tcjp-tX^t5^T. y'J^y 
S«lc0ffi§tr7CtMt. y-'-b1ffi4 2£iiAv.X:? 
t v U 3 1 £ *o 6 V»(± B F 2 £ -< * 
V&A LT\ -/'J3 ymti. 1 co^ffil*) £ 1 tt(DX. 
y^ 3 yJI5 2S:Bf£-f6. CKO&Asfettti. &Ax* 
K-lkeV-50keV, K-XS 1 X 1 0 13 ~4 
X 1 O'Vcm^tJ)!.. 

CO 04 31 in<r>^^Ty^3yM5 2&7-Y9. 
ffi4 2 tfOTSPOv- U 3 ySS 1 iat3*/</C. M 

C0 044] ;it. i^^Tyysylii, f££?&£ 
t m- mmmx'h k> , v - x • k w >-« fc lt 

iit&wr/-^ • KWvxy-x-ryi'aiyJf fcuf 

[004 5] ^^ ; fy^Bym5 2commzi. 
v hm9 2i±z<7>±&fttf*7X7-yi'ByS5 

2lz?g±>ixhti<. x^X^y^ 3 y«5 2c05feJ^gBc05fe 
<7>1-v*Jl>m&£.1$^Xl±Xlrv YM9 2tm->X^ 

[0046]^:, 1/^1>7^;R1 l^iU 

f@i£P R±SrS3 J: ? Ici^^'x R 1 2 £JE5j£-f 

N M O SffiisEN R IZ& \.*X y U 3 yW®. 1 flCtfo >^ 
<0Pffi^!K5$r-f *y&ALX#-r<y M9 1 
& . Z. ffy&J^rM . SEA*****- 1 k e V- 5 0 k 
eV, H— Xfi 1X1 0 13 ~lxl 0 1 '/ cm 2 t'fi 

[0047] *y-y YM9 lfi^-'J 3 >SM1 Affile 

(4 y-h«S64 l^TSPcoM^tT'JiffiLTV^S. 
[0048]^7M9 1liV-^- VUJymtit 

[0 04 9] mz. 06fc^-tXS(Ct5V^T. 
S1Sl<7)^?ryx:fcMU. Y-YmMA IttA^X? 

tLxi/o?ymifcimzyzm$>&^iioyi4*y& 
ALT. y'J 3 >ii i iotiw: i jf«x^xfy-> 
3 yf§5 1 ZBf&th. i<?)iiA^mi. &Ax*/U=¥ 
-lkeV~50keV, F— Xg 1 X 1 0 1 3 ~4 X 1 



0 15 /cm*T"J>&<, 

[0 0 50] l^tfOx^X-fV^ayJlS lti^'-fS 
S 4 1 <0TSB^ U 3 1 cr>ffl£*miz&A,X\ M 

nzm&ztix^h. y-fm^4io 

TSBcOi^y 3 ygffi 1 «)«a»«f-y*;HlWi:*4 . 
[0 0 5 1] =5r*S. x^^.x^-^3^5 lco^trj: 
M9 1 (if ^Mx^Xf >y 3 >15 
llzWhtl&tiK I^f^a ym 5 1 <05feSgSP«05fe 

[00 52] l/^N7^;Rl 2£Bfc*L*:SL 07 

t^-rxgtcfcvvc , z/vzymmiv&mzmoZo 

izmZ 1 0 — 2 0 0 n m(7)y'J 3 >-ffi<ffcffi£ ( H^-thf ) 

W&4 1 ts ilM 2 <9(BUHItoat39l$ <fc ? y- b 
«H4 1 fe it/4 2 cofiJSi'WOv' y 3 y*t i ±«oy 
- httHUS 3 fc £: tc#l2rttx -y f-y^tci 9R&SLT 

ras#nffii <im Y*7*-)\4mm) e % 
a. Mm&Msm±i<'V3yfflmizm&zi\-f. y'jn 

[0 0 5 3] *5t. fiMtflaffl»6liy-h*SI4 lfci 
1X4 2 cOfflSJ'Wco 'J 3 1 XcOir'- bSfi^ 3 

6 tx'zmm&ttth-bK ffi®{tc7)tiibm7 &.mzt$^ 
xtiim<7)mm&mm6 1 lt^ltv>5. 

[0054] tfttc. 08lc^f iSCii^T . ^-MWIS. 
liZi. ONMOSfW R±51^ J: o tZUi/Z. Y~??-9 
R135r?FML. PMO Sfl«P Rtlfc^TJiy— h« 

es4 2 ts x T/mmmmm 6 sriiAvx^ 1 1 t ^ y 3 y 
ms. 1 rtic ^ v m b f 2 ^cop m^^s- -f * 
y&XLx . v- y 3 1 co*Mi*it 1 *to y-x • 

HW ytcMmi 2-kJ&fc$h. ^«aA^#{±. &A 
x^^f- 1 OkeV— 1 00k eV, K— X4 1X1 
0i4—l x 1 0 16 /cm2T'$>&. 
[00 5 5] l/y^h7^Rl 3£[$3;L*:f!L 09 

tc^-rxstctj v . %-$mmz iOPMosm^pR 

X5rS3J:3^U-^'Xh-7^.x*R14S:JBS:L. NMO 

s^NRtci3v%TJ±y-h«S4 usw&mumm 

6 ^liAv^. ^ h LX y y 3 y^ i fiiz t S#^)NM 
^^^-f^^iAL. •/'j3yl«l^lF«3{:i*f 
COV-X • KU-f y^MMl 1 £7&£-r£. d^iiA^ 
Wi, aAx^^r- lOkeV-lOOkeV. K— 
Xiixi 0»-lx 1 0 16 /cm2T*fei>. 

[0056] Z<Mk. 800—1 10 O'CO^^frT 
T\ \^3 6Qft<n?mWi:'iioZbX'V-X ■ YU 

■i y$mm 7 i it/ 7 2 £*3tt-flrf !> . 

[00 57] =5r*>, y-X • YV<(>33B97 

7 2l±*7 Ar-y-> 3 ym 5 1 fcil/ 5 2 J: 0 tJg^ 
$ < * -5. J: 5 #l* . 
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[00 58] 01 CHlTjVtXfiK&^-C, ->'J 3 

yW$Lico-£ffi£W?£?teI9-Z 1~1 6nmC0ftM& 
ftKBL WitfaAA'MR (0^-?) £J£j£U fftA 

•r&ClfC. CMOS YyVV^? 1 0 0* J: Jt^>tl?>. 
[ 0 0 5 9 ] < A - 2 . ftfB^>J2UbBP!BLfc J: d 

i3<£tf7-X- HW>f^±SJl*»jaW**=ti. NMO 

[0 0 6 0] -f-LT. V-^'xhvXi?co^*{ci}V^{± 

ft) |x 7 fy/Ii: LT^ffl-fScOf y'J^yStl 
* s fli*^* ? fei.X /^>'i/$ixS„ NMOSg^NRO 

£ T'li > 0 7 IC^-TI^T- PMOSf^iPRWl/yXb 

r 1 2 £i»*-r4Rfcx vf-v^fcasjeirt* 

[00 6 1] CKOlSS, CMOSF5>'^ 1 0 Ofcl 
i>V^ft*?ff5^l.x^^.-f 3 Vil 5 1 tfOjg-g-aiS 

[00 6 2] tcii. PMOSfSPRWX^Xfyya 
VS5 2ti, l/yXK^Rl liiJ:t*Rl 2<9Bk* 
tCi-oT2HI<7)Xy^Vi/Sr»Sit^^S*^ PS^F 
NM^%(Cjt^TtS&l* { ^S<. PS^Ifc 
«3iWIT-&.2>X:7 xfvy 3 VJI 5 2 tiNl^BfcMfc 
aXSt'2(5i>Xi?X7 i >'^3 >il5 1 9 t'i?<M?ti 
x-yf-y^lOI&iSix&ft^x? 

^T^y^a VJ152j:05b^<Tt>. *ft£J:->T.x? 
^x^v-aVJiS 1 eDffitit* 5 x^^.-r>'^3 >"15 2X 

[00 6 3] 3ri5, x^r^^s^/IS lisitf 52 
>z/a vJ|a&&at £ # 0 . 1 // mUTF % -£<7>ft*^pfc 

!|M&£#1 X 1 0 19 —1 X 1 0 !l /cmWgKt 
[00 64] 01 KCi^XxVi'HVilS lfcJ:tX5 



C^flflIT'{iffim*ffl3fi«T-S±^«IDS^'l x 1 0 21 
/ c m 3 , US 0 . 1 yu m^fiLSt-OT^TOS* 5 1 x 
1 0 15 /cm3fc^-3tV^. 

[0 06 5] 01 liC7^$iil>J; 5(:x?xfvy 3 y 

j£OX?*T>':x3>'J!£&ffl'tS.rfcT\ ffitinlfflSriR 
[0 066] 4fc. ittCiKB^LTtiolcNMOSh^y 

£J:£S21!<2PMOS h^yyx^i 9i>;*;#vv75-C\ 

[0 0 67] £Nfc. NMOS^NRCOV-X • b"H 
7 1lil/yXh-7^?R14 aB&±£ie LT . 
jTtPMOS^JSPR^OV-X • KW V±^J17 2{4 
l/yXKX?Rl 343^:^1 4<?)^*l3^tTX y 
tV/t*Stf, V— X- FW:y±gJI7 Ii3±tf7 
2«7>«®l-ti:. 01 0$rfflv^Tii^L.^J;a{crjA;Ph 

T\ x y^-yflzX 9»^af$3&*»< =5rS i f: Cci 6^ 

[ o o 6 8 ] < b . mmcomm 2 >tj±wpn 

1;Z&&mt&(?)&m 1 fcSHvCti.. NMO SfiigcOX^^. 
^^^3^5 l£PMOS1S$<7>x : 7;*7 i >"i'3>'Ji 
5 2A0t«fcJ8«'t*ikt!'. NMOSMJS^X^^. 
fyy 3 y|5 l^'x^f-y^SrM&lHlStSr^LT:. 

mz^Twm-z. 

[0069] <b-i . wm-nm>txr. 01 2-01 

9 *Jl^vc*fcfflfctt*3**C0®«2 k U. CMOS 
h7>y'X^2 0 0c7)i?^^j£tcov^TBiBJ-r-5. =5r 
±J % CMOSt-7Vy^200«li. **?XS2r 

km-wmmz^xtem-tott^zttL. m&-t&m 

[00 7 0] 3.-?. 01fcJ;t/02 5-fflOTl^BJL!tI 
g^ST, NMOS«i^NR43j;T/PMOS^PR± 
tc>*-hmS4 1HXX/4 2%n-9 -~y 

[0071] mz. 0 1 2tZ*-t XSIC*JV>T. 
KRIC i 0 P M O S m& P R±?r5i 5 X 3 1 L' ^ h 
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IS 1 i*i (z *o >m <T> P S^fsE^ £-f * > &A L T -y 

lkeV~50keV. H-Xil X 1 0 13 ~1 X 1 0 
'Vcra'tiili. 

[ 0 0 7 2] Jfrjr-/ HI 9 1 tti^y *>±HNc 

{i ^*-h«^4 l^T^OfBiiiT'S&GELT^I.. 
[0073] <J:^, 0 1 3(^-fXgHfcVvT, v-U 3 

? t L T >J 3 1 1*| K b 3t£> & v>(± L> y £ -f * V 
SALT. ^VnymRl<ommf^iziM(O^^Ty 

is a >m 51 zco&jjkmt. axx^ 

^-lkeV-50keV, H-Xll x 1 0 13 ~-4 x 
1 0 15 /cm ! tJ)5. 

[0074] l/y7H7X^R15?:iiLit 

HI 4 (^-rxStcfcV "»T . 1 <7)£ffi 

fc, CVDffiKJ:9^y3>'gHUBtT-JI£l~2 0nm 

vmmtmm 1 4 zmm-z c v ds^c ± 9 

»KilSStl4 2:**. 

[0075] i^tC 0 1 5lC^-rx^^fcV^T. ¥XSS 
JRfc: J: *) NMO S ffi$N R±£?f 0 i 3 iCL-v-'X h 
?K16ZWf&th. ZLX, ^y:3>»Sl£SA"C 

6 0* *U£ftl-)\ PMOS^lgPRtciJVi-Cv-yn^ 
ISll^JtCb* (As) &&l^ttU^aN&TOMfe£'f 
^T^ALT^ .., hM9 2 . CIO&Al&tt 
l±. ftAl*^- 1 k e V—5 0 k e V, 1 
x 1 0 13 ~1 x 1 0»/cm*t*4. b/19 2 

fi-/'j3 y»s i w±®K*f Lxm#>iimm&rz x 

otcBtf&ii. zm&mt, Y-vmM4 2<rfY&<7) 

[ o o 7 6 ] mz. mi 6<,zvk-rT.mz}i^T. v-y ia 

y*KlOtt&£5cfcKU y-h«S4 2 5raA"7^ 

7 £: L T v 'J 3 1 (*)C#o & Uti B F , £ -f 
^-^AL-C. i^y:J>^10*®|*Hcl*Je9x:?* 

-rv>-3yji5 2^^-r-i.. z\<?>mx3km±. &ax 

*;^-lkeV~5 0keV, K-XllxlO 13 - 
4X1 0 15 /em ! ffc5. 

[0 0 77] l/yXN7^Rl 6£Bfc*L*:flL 01 
7t-^-rxSlcfcV^T. &a*£i»B£l 4<0±gB£ffi§rS 
■9 idKJIS 1 0~2 0 0nm<D^y:3><Itfttg6 2TC 

[ 0 0 7 8 ] 01 8fciirrigfc*SVvC . 

«su 4&jy^y3:/6£ffcJ86#y-hmfi§4 ibj: 

t/4 2<9{aMKS&J:dfc, >-'-h«6i4 lfcJ:lX4 
2<rmffltf5<r>i' 'J^yii l ±coy- M€Hg£3 £ 1 

t> trftaffi^M 1 4 tJi: y =f >iSHtM 6 Sr^trttx 



imm 1 6^^^-s. 

[0079] m&umm ete&mamm 4 tisvzi 
ym^metx^mmmttc*). y- h«@4 1 & it* 

4 2 <D®m?tt<0 y'J3 1 ±«y- h t&RK 3 <0 

[ 0 0 8 0 ] JJtf£ii. ®8&m^Xffl%LtiJ3£tffi& 
COTMZ&X. PMOS^PR(Cti^Ty-h«S4 
2fcJ:tf«&tiStl 6SraA-7Xi?t tT^yn^S 

?±alt, >-y3ya«i<o^ffirttci*ttfoy-x • k 

^XStla]«|c7)Xg2r^t:. NMOS«^NRCCiJV^T 

y- y-mm 4 1 tj xx/mm&wm 1 6 SraA-?^ ^ t l 
t ~> y 3 ^ats 1 i*i(c t mmco n s^wm * -f * >&x 

^yn^S^l^fflrtfcl^eoy— ^ • FU-Y^ 
7 lfcJ:tX7 2^ffMJ©mi, ±.mzmfe2ti&i>nx' 

[0081] *<D'&. 800—1 10 0"C?)i&S^fKF 
X\ 1^-3 6 O^fiUJfir^ fcty-X • 

-i yumm 7 i *s iv 7 2 fcistiwtr & . 

[0082]-eU. I19t:^fIg(CfeV^. isV 
3yl«l^ffi?:I^J:aC)I$ 1 — 1 6 nm<OH 

>a3tQ«tci Oy'Jt'f H-fb LT . y'Jn 1 . 
hWM4 l&£V : 42comiiimk3;<)Uhmt<?>fmM 

*<r>\k, x'Jt'f Mk2ti-rizm->tia;<juhm* 

ffc£-$-&ZtX\ CMOSh7>-^^2 0 0A>'f#^iX 

[0083] <b-2. i$m%}m>&±m.wLtz£? 

HZ. *m&<D&m<<Z&^Xli. NMOSflJSNRWXi? 
XfVya >J15 lliPMOSfiPR^X^Xfyy 
3 >^ 5 2 J: 0 1 5tlc®fi£-r^ £ t (c=5rS^\ Hi 3 1 
^-txeT'X^^^y^gyjfS 1 £?ffldELfc«lc. P 
MOSffiJSPRiOP-^bVX^Rl 5$r^4-T^^C 

x ? f^tSiOT "5 . -e«««ffflBeiS« 1 4 
T'ISbftT n h <DT'x -y ^ y £ fc Ji4 

<^ 3L?xr->i'3>f§5 itfzm&^-v^-y?*®.^ 
x \> vcfc&tDwmxmizst'^x 7&iz'j?% < ^ 

[0084] Zcn&M. x?XfVy3>15 l<7)ig^ 

?^^*^< : 3:-?t, mmtKiyto. ve&imimk 

[0 085] x;^f^3>15 1?:Mt5 
tS^'J>li. X^XxVv-3>il5 2$'fflfig.-r-i.^D 

$-^^x^^t->>-3 >ii5 i z&fit-t&mimz 
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(2, I^Xfy^ 3^15 1 (DH^tCO^ib^Mmi 

T-#SOT\ x?XT-y^ 3 yjf 5 lflMittfJH;:. x? 

[0 0 86] SriK gfeffiSli* inf^3^i52 

[0 087] Srfe. NMOSl«NRJ3«ti;PMOSi 
MP R±ty- h®B§4 1 fc «±?/4 2 Jy^-zy/L 
ftB&CffffifetftM 1 4 L, N M O Sffi®K Rt$ 
J:VPMOSai«PRtl, l^fyxa 1 
tf5 2*JBdW*J:3fc:LTfcAv*. x?x 
f^ayl5 1 »«U»-£bXSb&viU>JVii. x? 
^t^y 3 >-JI 5 2 Srffijfc^-SwKo^B F 2 i: |I)«HC 

fiameiwi4«j:ufy-hieiMS3+t=aAS*t.. m 
mmizx *)%hi&i.xisV ^ 1 4»te»v4as«T<fc 

ffiL, »t=t»±i/y3VBMkflH«p*a«cLfc:< 

^fy-/3y!5 1 £ft£^£LT^ui£frVV x 
;xfyy3^l5 2«si:. x^^v^s^ji 
5 2,<r>w&<r>tzfr<vfmm*mmi,xm%m£mzfto 

[0088]<B-3. ^0lJ>JjLh<7)iMBJtC*5V^T 
12. «««IWl4*CVDSlcJ:9#Jfc*-4i:bfc 

SfBt 1 4 Sr&JTJijrotf^Sr&gHfcK «t Z t 

mx-%&. 

[ 0 0 8 9 ] t fz , g&Sffi^&Slfe&Kfc LTli ^ 'J 
Oft* 0 fc C V D ifefc J; •? t U 3 >mm. £ ffl 
[0090]-/'J3 >Wm\t^ V 3 >BHfcJKfcJt y <. 

hZttfX'Zh. 

[009 1]**:. ±ie^U n^JBflJWia&SHKSfcJ: 
t>^>Zif&mX'Z&. 

1 0 0 9 2 ] < C . HMW^ 3 >£Ut8KH L^HJSW 



7^11*3 J: 1/2 tCfclvtte. lS^cTjCMOSh^^^' 

vi-y-yzmskthjimiz^ ^x mm *%.mz 
&&m$&<vmm3t,z&^xi±. m*hmwmj±x'mm- 

-i>2a^(0CMOS Y7V : JXf$:m£Mr)^ NMOS 
[0 0 9 3] <C-1 . SJjt^&^T. 02 0-03 

3 2rfflwt *^{c^ hmm.<mm 3 1 lt . m&c 

MOSh7>yX^l OOAiJiL^SECMOSh^ 
^'X? 1 0 0 B SrW^-S^^SOSSit^KoV^ 
xmi-t&. =5r*J, fitECMOSb7yy^ 1 0 0 

14. ft^X?S£l&0J^ri>03 3£fcVvt^$:fx&. & 
fc. 1^(0^11 i: [S]-c0^tcov^T(i[5l-(?)^2r 

[0 0 94] 4-f. 02Ot:^-rxSlc*3UT. y'Ja 
v&K 1 coaffirtfc^^-SHe^^ 2 £§ilfWtc0j£L 
ffilENMOS h^^^'X^JoiLKlSmffiPMOS 
h 5 sVX- 9 Sffi«BEN MO Sffli^ L N Rfc i 

t^«EPMOSfa«LPR£*l5£-r&fcfckC^ Hbffi 
J±NMOS h^^^'X^fciU^lffiPMO S N5yy 
•X* ?:Mtl.^tEN M O SfflJSH N Rfc J:U'iSmE 
P M O S«tSH P R SrSg-T-i> . 

[0 0 9 5] *LT. ffi«ENMOSfflJSLNRfcit>' 
l§lENMOS«JSHNR. {SSffiPMOS^JSLPR 

±jJ:i^«ffPMOS«^HPRtc*tjeLT. y'Jay 

i trmmft iz prnwrnttAjsp ^x/u^j^p 

[0096] $f>ic:. >-'JrjyS^lcO{£mENMOS 
MiiSL N RiJ J;Uf<S«£E P MO S P RJ^IC . 

=s>j3>mm. ^'javaftR. ^js^bn&sv^ 

$&^3ASr^-r&„ y'Jayi^itoltE 
NMO Sffl&H NRfe il^S«E P MO SfltgH P R± 

h&uzzixhcvm^fritx'ffim.zti&zmmx'?- 
[0097] zzx\ y-htmj&sAwmznisVzt 

iztZfeZh.. y- h^#M3 B(7)JS$(4^U 3 y^-fklK 

[0098] y-h$mm3Ai5£Xf3Bcr>± 
^ffltCVDSti Oil$50~300nm<7),-Klj^ 

[0099] ifcfc. 02 1 t^-rXg(C*3l>T^U v-'J 
rj>K4±^ffitcl^>-'Xh (0^-r) ^E»t, 
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isVZ!>m4Z^?-->l/L. IlENMOSI«L 
N Rio Xlfi&MELPMO SffligL P R±£li^'- hVM 
4 1fcJ:t;4 2JML, «mJENMOS«Js£HNR*3 
J:l/1«aBEPMOS^HPR±Wi>-'-h€1i4 3i5 

[ 0 1 0 0 ] fcfc, 02 2fc^-f-lStcfcv^-C¥KMJiS 

tCiO, {SmBENMOS^HgLNR. ffiffiEPMOSM 
HEPRt3ctt/SmEPMOS^HPR±&g5 i OiZ 
\s:JXh-?X7R2 1%ftm-t&. ZLX. ftlENM 
OS^HNRKfeWHi. ^-'-h«fig4 3 5raA-7^. 
? i: LT ^ >J 3 fi« 1 rtfc tii5S oJi 'J >-5-f 
&ALT. isVa>mfcl<7)3iMft<,zlttcr>x.7X7-y 
is3>1S2 5$:&fctZ>. Z\<V&7dkm±. 8EAX*;U 
3-'— 1 ke V— 5 Oke V. K-Xll X 1 0 1S ~1 x 
1 0> 5 /cm 2 T'$>-S>. 

[0 10 1] lftCD3i7XT L yi<'a>m2 5l±y-hn 
fig 4 3 coTSPOv- 'J 3 yS« 1 0^i*£iafc:J&<,T\ *t 

[0 10 2] Wx^m^R2 1&iiUt. 02 

siz^TfTmizis^x^ummzXK). {s-senmos 

HigLNR, ffil:ffPMOS^iSLPRfeJ:Z/SmaN 
MO Sffii*HNR±£3§5 X 0 lZlsi?X h7^?R 2 2 
£J£fiK-r&. *Lt\ i««EEPMOS^HPR^fc^ 

lfllCtfo^&MMiBF^^&ALT.. i/'J3 

ymm 1 ^Hi*it- 1 ^x^^fvy 3 >m2e^m 
Bfc-rs . i axx^w- ikev-5 

OkeV. H-XIlxl0 13 -lxl0 15 /cm ! t 
[0 103] l^x^^f^a V12 6tt^-M 

S4 4 cot&ov- y 3 i omtsfciattt/t-e, *t 
tsp<o ^ y 3 i o^ng^f-r t & & . 

[0 104] .T.LT\ StffCMOSf7>yx^OX 
77f>-y3>125fcJ:i;26!l S$^0. l;um 

1 O ie /cm3gJKt^rl»J:-5{'^$n-l». .Iftii. 

m^mmw±izmm-?&*-v h^^ur<r>^±imm-r 

hKltxnWL^X'h*) . LDD (Lightly Doped Drain) 

/itofi*-r£.ri:t>t:'&6. 

[0 10 5] W^hVX^R2 2^^*L/tf^. 02 
4(c:^-rxSti5^T. ¥*§gJiKK:<t >K itffNMO 
S^iSLNR. ffi®lNMOSffii^HNRfcJ:tfKmJBE 
PMO SH«H P R±£53 i a KU-i"'.*. hVX? R 2 
3£«*fi)t?-&. 

[01 06] *LT. y'JnyMlS-i^teo* H 
Sflfltt. (SmEEPMOSfSl^LPRlCiDV^T^ynvS 
« 1 1*1 tc 1 St*> h v Mi y >0 NSHFttfe S- -f * A L 



Tstf^-yhJl9 2*»|fi-r*. CL^aA-^frii.. &AX 
*K-lkeV~50keV- f-'-Xf 1X10 13 - 
1 x 1 0"/cm*X'$>&. 

[ 0 l 0 7 ] is*r ••/ h n 9 2\±y 'J n l oiiBk: 

\t¥- MBS4 2 c7)TS6Wp1^4 -CBft L/C . 
[ 0 1 0 8 ] ifcfc, 0 2 5 tCTKfXSfcfcV^-C . ^1)3 
>-&t£l?>fS#£7cCS?U y-bW&4 2t:i£K-?x 
?tLTy'J3ylfilW:H<Dy^| 1 u|j:BF 2 H 
^v&ALT. v-yaya«l<0*ffirt{wljl*<0x^^. 
f^3>152^Mn. CO&A&frtt. SAX 
*K-lkeV-50keV, K-X11X10 13 - 
4X1 0 16 /cm2fS>l>. 

[0 109] I^x?xfyv'3>'l5 2tit'-M 
S4 2<50TS5^O^ 'J ^ 1 0>fRW£iafc:8W/C\ M 

frith*.? (ci9Rdti-rvi&. y-hmmA2<7> 

[0 110] Uy'xm^R2 35;i4U; 

ft. 02 6^^rimciJV%T. ^*SJK(ci'9. ffim 
EPMOSf«LPR, ««JENMOSffl*SHNRt>J: 
t/^liEPMOSMH P RJtSrS? J: olZlsiS^ b7 
X7R2 4Zms&-?&. y^ySRl!:!^ 
•C6 0' g&ffiJt. NMOSliNRCiJU-Cy'J^y 
1 l*j(c u >^ Pl^ifej £ >f * >1MA LT** 

-lkeV~50keV. H-Xfl X 1 0 13 -1 X 1 
O'Vcra'tibS. 

[0111] sK-^-y h!W9 ltiS/'Juy-S^lcoiffi^ 
[01121XC. 127 ^-rxg^fev^T . ~> y 3 • 

>-S«l(?5ffl^i£r7cCRL, y-hflffi4 1 Sr^A"?* 
^ t LT v- 'J 3 1 ftlz b »fc i» 'J > Sr Jj- y 
iiALt, ^yny^ltfoaBrt^lit^x^x-fy 
y 3 yg5i ^^re-T-s. -rco&A&frJi, iiAx^ 

^-lkeV~50keV, h'-Xllxl 0 13 -4X 
1 0 15 /cm 3 -C£>6„ 

[0 113] lMtfOX^X^Vi'ayJlS llit>-'-bm 

®4 1 coTgEov' y 3i ys« i (?>m!&ffliz&A,x\ n 

[0 114] l/y^f?X^R24j||*L«l 02 
9£*£1 0— 2 00nmcO^'j3>'l!'fbK (0** 

-f) icvDmizi*)m^.u m^isv^ywrntfiY 

-\-WM4 l~4 4coffl!iea5co^tS^J:ot, y-h 
W&A\iiXif4 2 <r)Mm\--n<r>i/ y 3 l ±<oy 
-M6»K3A, i5iVy-hm@4 3fcJ;V4 4^lll 
Wtfjni' 'J 3 >S« 1 Jb<oy- hJ£li&3 B fc i: t, tz 
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ziyWUkmzy&mztt?. i/V=iymfcmX'i*&^L. 
[0 115] 4fc. flW«l!«!6«>'-h«ffi4 lfcj: 

r/4 2 owffi^o^u 3 i ±ny- bimm3 

y'ja 1 ±coy- MgfMR3 B(D±mzl>B&L2 
ti, *y^-htt««3AfeJ:tf3BfcflBSfi8BR6fc 
T 2 JlWJfti: **» MPMlMOfcifeH 2 8 W£ 

u i mmm&mm 6 k lt a* lt v ^ . 

[0 1 1 6] <KtC. 02 9£7jrrxg£fcvvc\ ®mE 
NMOSfSLNR« (g«aEPMOSffl«LPR*>J:t>* 
iSSEPMOSSS«HPR±£g5 i^Cl/xXb?^ 
^R2 5J«Ktl». *l/C, >-'-h^fil4 3i3J:T/ra 
ttftglt 6 £&A-?x? i: LT ^ "J 3 1 mz t X 

mz i »<oy — x • h w 2 7 $-^-r h . ^ 

O&Ai^fNi. ^Ax^/U^f- 10keV~100ke 
V v H— X'fil X 1 0 14 ~1 X 1 0 ls /cm J TJ>S. 
[0 117] \s : JXY-?X7R2 5£B&*L*:f£. 03 
0 ic^-rxatcfev^T^KMRStck 0 . IfENMOS 
fSLNR. SmEPMOS^JgLPRfcilXigmSN 
MOSl«HNRiSfaJ:5tl/yXhv^^R26 

Zi^^A7bLXi>'V?>'Wfcimz#X3>>f>&\M± 

l<ommmzm(DV-X • KW>"±gJI2 8£:®filc; 
-f&. ^<7D)±A^frf±. ftXi*Wf-10keV-l 
OOkeV, h'-XilxlOH-lxlO'Vcm! 

[0 1 18] KC. l/yxV7X;R2 6li*U 
ft. 03 nc^TlSlcjs^T. amiKtcJ: 1 }. 

BENMOSffilSLNR. iSSEENMO SfmH N Rfc<t 
l^lEPMOSSJSHPR±?r^3 J: ^tCPy'X 
*?R2 7SrJB**-6. <£LT\ ffi«EEPMOS«^L 

Avx ? t LT v»« 1 Aid* o y£>&v^± B F 
zf^PS^ft^'f *>i£At"C. >-U3>S«l» 
*MrttCl*tOV-X- FW y^!§7 2£&f8.-T 
h. CWSLKgkmt. SEAX*7Wf- 1 0 k e V- 1 0 
OkeV, F— Xfil X 1 0 ,4 ~1 X 1 0 ,6 /cm ! t 

[0 119] l/y'XW7?R2 7^*U«l S3 
2C^-rxgK:*>vvt, ¥»§«<tD. <Bc«£EPMO 
SISJ&LPR. iMBENMOSfgiSHNRfcilXSIBE 
PMOSflSHPR±$-I'5J:3(:l'y^hvX?R2 
8£&f8.-fh. % LT, {£«ENMOSfIi£NRk::fcU 
Ttiy-h«S4 l:fcJ:tfD8M&»JII6£iaEA-?X;?fc 



AU vU3>^l^*ffirt^l^c0V-X • FU-f 
y±SJ17 l£ftM-t&. .TCD&A^fKi. &Ax*/l- 
Jf-10keV-100keV, K-XIlxlOi'- 

[0120] 800—110 o'c<oim.mn-T 

X\ 1 #~ 3 6 O#05S&»JI*ff oZt TV -X • F V 
-fy^!7K 7 2t><tlX2 7iJ<tU r 2 8$riS14-ft:-r 

[0 12 1] &.IZ. B3 3fc*flgfc:isvvc, y'J3 
>S« 1 «D£ffi£?I? X a lcJ¥S 1 — 1 6 n m<5DaM£ 

®& 4 i — 4 4 Oglifi SB i: 3 ; <>l< hM t OitMSMHrn 
/VUhSsV-iM HIKSAiJil/l OASr^-T^., 

«l vitzti-rizm-otz^j^hmimii^-z 

tECMOSh5>x'X^l OOB^f^ix^, 
[0122]<C-2. ftmi&%:>l:l±mty ItiX O 

iz. wmsx-mit-tz 2 w$.v>c m o s h v v 
'j^iz^^x^^T-yissymaxz/v-^ • 
a yi.mm *mm- h iz\z . <b*bec m o s h ? y =Jx 
?&£ift£W±CMO s hyyaxfcnzti-Zixbzim 
x. isi/Ah-?*? <r>ffiWL<ntz#> lz 4 m^-MWMJM 

[0 12 3] L*>L, MffNMOSf^LNRWX? 
Xf>y3>15 lcojg^cSr. Sf^twfi= did iz-f&Z 
tX\ CMOS h^yyX^ 1 0 0AC;}3UT#i&W£ 
g|^,x^x-r^^3^il5 1{±. lx^h-7X^R24 

[0124] wtoi&SL x;xfyy3yf5 i«o^ 
s$* { s< : 3foT, &mmttfr*>, %&mttm*m* 

[0125]^1>. PMOSiiPRcOX^Xfy^s 
>-J152<S. l^yxhVX^R2 3*>J:l/R24W^i 
ti-5T2[Hl<?)x ■i/^-y^S-S&.lfc PM^ 

mtmmxbh3-?>\Tyis a 5 2(iNa^rii6?w 

WMX'hh^x'ryis^yms 1 £ *) i>$H<Bf£2ix 
Xf>i'3yi52J:0t^<Tt ) , -e-fl^i-pTx^ 

xx>^3>^5 lcoffist^'x^xry^a yms2X 

[0 126] i^:, ^mECMOS h^y-^'x^cox^ 
Xf>y 3 1 « iL^5 2<i. ItICMOSb7 

y ; JX?2 0 kjSvvDT'Xv-j-^kiJ: 
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2 5&£V : 26£ r ) MkM&m&CMO S Y^^VX? 

X\ 3i?X : r>>'3y!55l&£V : 5 2rf*-v1->7?: 
«6E»*fflaSLT. S^JgfiW^-f & -I t SrRfiitT' 
ifc. (SEECMOS h7yy^^(0ft^H 
Site. lt«ECMOSb7>'v^^<50-f- J V'^i'Stn:J; , 5 

ICMOS h^y^'X^iOX^X-r^v-a >15 1 
t/5 2Wjain;ffi<7)ti^^«5fee^lc!lSjti-i.^fc{i. ¥31 

C 0 1 2 7 ] Srti. T&mnmrwattttWKKEc 

•BUS**, «j!gttEA < 3aaj).&^{±'eixJ3Lht'$>oT 
ffitocMOSf^yi/x^teit;. -t*u;:tf:<'CMOS 

h 5 :x Sr. iSECMOSh^y^lOOA 

feiy'fttff c m o s b 7 y l ooBtLTSS 

i o 1 2 8 1 . <d . mM<r>mmA >w±mm Ltt&m 

iz&hmkm&B 1 fcristvai, fftmENMO SfiiigO 
iWfy^3^15 lSr^f^cffM-r^itT. 
ffNMOSflg^X^Xfyi'a >"JI5 l^'X-yf-^;/ 

£:fc%BJ^&SIS£^?S4(-fclvC{i. lWf>"/ 

[ 0 1 2 9 ] <D- 1 . Sit7j^>mT. 03 4~04 
1 Srfflv>T*^^^^J|c0jgS.4 i: LT. ffi®EC 
MOSh7yxX^2 0 0AMt/SfffCMOSh7 

2 o o b ztth*m#gimcowg%mz^ 

XWffith. <KmECMOSh5>'> ; x^2 0 0 

ahxi/%WS.c mosV7 200 BcoraiS; 

[0 13 0] £-f. 02O~02 3$rfflV^TlftBBt^I 
SfcMgT, StEN MO Sf «H N R« y U 3 >lf 1 
?)a®i*H;i#<7)x7x-f>'v-3:yJf 2 & 
fc» sttflEPMOS^HPRlct>^T<±, ^'Jn^S 
$ 1 Ofl®l*H:: 1 2t<Ox? .x -f 3 >S 2 6 tr^-T 
■5. 

[ 0 1 3 1 3 * LT.. 03 4 (C^-rXStCfc^T . 

mmn n r*> iixsmEPM o sfg«H p R±£?td i 



^SKlS:fi^T6 0- g*«»t« NMOSfU^NRlc 
i>V ^x'J3 V«M 1 fllC+'o yf^)PIWft5: -f * 
ytALT^^ M9 1 Sr^iSi-tS. dcO&Aftfr 
Ji. &Ax*/t^- lkeV-50keV. K-X4 1 
X 1 0 13 ~1 X 1 0 H /cm 2 tJ)5. 
[0 132] t'^r-y hif 9 Hii" 'J 3 1 <OXffi£ 

[0 1 333 »:(c. n 3 5 tas-rigtisnT > ^1)3 
y»g i nm* s-tccmu t*m®4 1 £&A-?* 

? t LT >- U 3 1 C t S$> •?» V Ht y V £ •< * ^ 

s^y 3ylSi<7)*l^:i«wx^7fy 
x 3 yl5UMtS. -TO&A^ftti:. &Ax*;L< 
Jf-lkeV-50keV, K-XS 1 x 1 0 13 ~4 x 
1 O'Vcm'tifeS. 

[0 1 343 1 Mwi^xf y y a yl 5 1 lit'- M 
%4 1 cOTSE^ y 3 ySM 1 <D|»«£IIIfc&X,T\ #t 

[0 1 3 53 l/x'Xb7^;R3 1?:iiLy; 

». 03 6t*-rxg^i3v^-c. y;3yiii<^i 

C CVDfCi 0JS$ 1—2 0 nmCD&WSmmi 4 

[ 0 1 3 6 3 ifcC, 03 7 fcSrrXflCiS Wt . ^«SJ 
ffclzX*). fitffNMOSSlLNR, HENMO S 
faHNRiJilfftllPMOSfSHPRi^J: 
■5 tCl^S^^. b7^^R 3 2 . 

[0 1 373 -tLT. ^y3>-S«l^^c-C6 0- S 
JgfStt. ffiS,EPMOSiaytLPR^feV^T->y3>-S 
« 1 l*lfcb*fcS V^4y V£0NM^%?-f ^>-aAt 
T*r^r-y h« 9 2 *&fcth. Z<7)i&}Jkm±, ftAX 
^K-lkeV-5 0keV s K-XIlXlO 13 - 

1X1 O'Vcm^TM. 

[01 383 X* YM9 2\±~/>)n>'mBL\<?>±mz 
ttLX®tbJi[iillzm&.-t&£ol.zmi8LZti. *0tf&BS 
fi, y-h«©4 2«OTa5com^^-C®tttT^^,, 

[ 0 1 3 9 3 <XIZ. 02 5 ^TXgfcfe V>T . >- 'J 3 
>-S«l«0ji#5r7clcHL, y-h«ffi4 2 5raA^ 
^hLty'JnySIlrt^nyfeSv^BF^^ 
jj->iiALT, z/V?>mWL\<F>3mWzltt<7)3L7x 
T>is3>m5 2$:Bf&-f&. Z<r>&Afkmi. iiAx 
*K-lkeV-5 0keV. K-XfilXlO 13 — 
4X1 O'Vcm'I^S. 

[0 14 03 l^x^Xx>'i'3>'il5 2(±y-hm 
14 2 COTSBO v- y a 1 ^ffl«tSrrat3^T\ ^ 

[0 14 13 UisXWX7R3 2$:m£Vtdk. 03 

9 iz^-tT.mzio\ix . 1 4 <r>iM^m^n 
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0 XolzmZ 1 0 — 2 0 0nmOi^'J3>'BHfcK6*C 
[ 0 1 4 2 ] &lc. H4 OtCTjrfXgtC^VVt . filffiK 

mmi 4nxx/iy v ?>®nm6tfy- hmm4 i ~4 

4 idfc, y-b«S4 l*J_ttf4 2cr> 

iimftijoi' y a ymsi i ±.<oy- b&mm 3 Atit 

{cfiUlifittR 1 4 43 J:T>'f> y 3 VBHtflt 6 £ UNISEX y 
f-y^fcJ:"3l5l8*U, a*. y-hWS4 3*5J:tf4 4 
OWBifcfrtf) v- U 3 -sW®. 1 ±<oy- h 3Btt 
t» 1 4 43 itfS/ U 3 >BH_JR 6 £ft:fr14x 

•y *)W£Lxvm$m 1 6 zmm-h . 
[oi43] wM.&mm 1 6 «^a*e^s i a t ^ u 3 

>"ltf_M6iT'2;«li_lfc3:0. ir'-h«®4 lfcit/ 
4 2 OUffiJWO y'J3 1 J_«y — FJ&ttHg 3 A 
<0_t.aK 43_tt»fy- h«©4 343 ilX4 4£0iiJBJ'h^ 
v »J 3 y» 1 ±co^- MfttUS3 Btf>±Wfc_t»JBj£$ 

[0144] jaati . 0 2 9 * fliv yc8_hij l^is t n 

«tf,XS*»T, »WENMOS«WHNRft:43V^Ty 

- h«S4 3iiJ;^ffl_S«aftS 1 6 .SA?^?i L-T 

u ^ y ^ ^_sisi ommmz 1 *tov -* • Fu-fv 

?ifcP«OX*I£;gT. a«JEPMOSffil^HPRt;fc 

^xy- hm&4 A&xvaataam 1 6 zmx-?*? 

h LX^VziymMlPJlzX'nyfo&WZBF^cOP 

lttcoV-A- FW y±Wm 2 8ZBf&L. £tz. 0 
3 lSrffl^TlttB3L/_Xg_:|5ia^X^S:^T. 
PMOSfiLPRtmy- hWM4 2te£Vmm. 

ommi 6 2r_tAvxi7t tx^'j^^ai^irttc^D 

>-^&^{±BF 2 ^£?)P_i^Ji_!B3-:^^-y_feALT, v- 

y 3 y_s^ i commwz i v-* • f w 

7 2«t. Stfc. 032£fflV^T».HBLfcXSfcll 
«CMDg£igT. ffi«JENMOS«tSLNRtCiJV»-cy 

- MW4 1 iJil^ffllfifta^ 1 6 ^A^7. LT 

^ y r? y ^ i i*i b s^co n m^ma z a * a 
U i^y nysigico^ffirtfci^coy-x • Fu-fv 
_fe»JI7 &43. V-* • FW V^MM 

7 1. 7 2. 2 7iJ<tZ>"2 8c7)^im±±IE^Il^? 

[0145] -f-Ot^. 800—1 10 0°C<?)^K^#T 
T\ 1 #~ 3 6 0 #OJ!M8Jl£fT dZk TV-* • F U 
^y±H«7 1. 72. 2 7 43j:tf2 8£v£'fcM_-ri>. 

[0146] -?-LT. 124 1 tc^-fXglctJWC . v-y 
3V_S^l<0__:S?radidtc:Il$ 1 — 1 6 nm^Si 

siMJIlcJ: DS'IIIM FibLT. j/liayiil. 
h®__4 lt>J:Z/4 2<0_Stilffi_;ny^Uh-fiIfccD}gtegB 
Mzartt\,Yi' i )*M FHSt8A43_:tfl 0AZB3L-T 



m#t&ZtX\ f_jm_ECMOSF5>'> ; X^2 00A 
iSXimn&CMOS hyy : JA?20 0Bi>mt?tl 

h. 

[ 0 1 4 7 ] <D - 2 . #ffl^m>IiUbfi.BB LtzX o 

RcOX^^-f^^a >-J15 1 (ifilEPMO SfiSLP 
Rcox^^x^v-a yJi5 2 J: "5 L9b£M&t&Z tlz 
* & **. H 3 5 C^rf X*IT-X;7 ^xV^ayilSlS: 
®fi!cLfefifc:. i/y'xb?x?R3l &B£*i--g>E£Kx 

St>ixT«Sa?*i-S.cOTx-yf-y^$rffi&_: tli%< . 
x-yf-y^'fi{S^<55:?,„ 
[0 148] i?xf>'y3yi5 i<ot#^- 

«$^a<^^>T. ffiffiffi-f^r;b*>. ^iftUitt^ii^ 

lz%&. 

[ 0 1 4 9 ] =Srfc. *SliSO»JBk:l3V^T t> . »fe^Jg 
JS2i:|3|«tNMOS«JSNRi>_tVPMOSfS«PR 

mtmmi 4ZBf$LL. NMOSfl^NRfcJttfPMO 
S^PRlc. x^XT">">3VJi5 1. 5 2. 2 543 
£Tf2 6£B$L-t&i.ol l zLXi>&^1)K x?7fyy 
3 y«51feJ:Uf26 VBmzti V >T l±_tA*i+43 it>' 

[ 0 1 5 0 ] £43. ^^O^T«»5r4«aS«£PC' 

iSfrr ^> 2 a^<oc m o s f *7 tmizn-? xm 
WLKtK wmsnfi3was>i \^±*my±x'fo->x 
i>*¥m<ommimmxh&„ ~r%iyh. wrnKt^m. 

fficOCMOSF7>^X^43j:l^. ^-4xtiX<*CMOS 
h^^y^^tr. MECMOSh7>'yX^200A 
43 J: ir»W±.C MOSh7yyX^200B. LTS^ 

CMOSb^i'yX^OT^XfVy'aWSSl'y 

[ 0 1 5 1 ] <D - 3 . ^l?!l>UUi<7)lftBJtc43^T 

i±. mm&m\ 4*cvvmtz±*)BW£tz>tLtz 

•jMittsu. mmm<mm&mx'*>&®mit 
mm\4 zmmm<v®%%?m{£iz£ o^-r-s. - 1 
x\ mmotf^zizx&f^ xw&cr>tft,-ozzi& 

[0152]*/.. 2S^ffic7)ff.a^iifc LTti^'J 
3 ygHLBI tzmfe Ztihi><DX'l&%<. ^'J3 yg^-ftK 
cofti5 *) iz C V D m tc J: >? L 'J 3 >-M-f tit S: ffl 

[0153]x'J3 >mO»±^J 3 i'BHtKKH:^ 
T. rytx7'a*tc*tUTX"/f->'^$jxtc<V^ 
X\ _-y=J>S?^tJKS:«ffl-r-&li^iOi»fi<. H$l 
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-is nmizmfezti. t>u x®&^<?ffim*m%t 

1 0 1 5 4 ] 4fc . ±ISv U 3 ^SUtlRJifiMUKStC «t 
[0 15 5] 

<v$mjfmzz.tiii, miwNMos^tfc^T im 

[0156] 4:»^K:ffi£n^B2aStt<^NSft^iEO 
Mifcfrifefciiifcf. lM«Nl*iJ:y'Plx?xf>^ 

a yJI«0»&j&«0 . 1 Mmi 0 i,m< . 
ifim^tftWfcWibfci: =3r 0 . fcfe^tt^Rfi** 1 1 x 

1 0 19 /cm 3 ~~l X 1 0 21 /cm^t^h^X-. ffittil 
A*ffi< » £ fd®?- a- ^^J&cDflft'Jfc^WSrx 7 x-r 

[0157] *&mizi&&m^3s£®<vmft3im<?> 

*^--S»(c^LTIix.yf-v^SrJffi^-r, x.yf-y^*« 
SS^^ot, «fSfW*;fo^ *£JStttSiifla* 

1 //m J: 0 £>S< . ^WMRBSjfittTWftaUfcft* 
S^t^rO, S*T*$?$3i§JK*Uxi 0 19 /cm3-l 
xl 02i/cm*ttc&cr>X\ «iaffi#*ffi< . 

**)vm%<nnmzmkW£^7^yisB ymz'&z 



[0158] *w>mz&iimm4U®<r)*mtt.giW.co 

Wk^miZXtlM. Ui^«a^»V^20NMOSh5 
y ax 9 a i. x/m 2 <0 P M O S h 5 > * £ $ £> IZB 
l&t&Wzti.. m2(T)NMOSY-7y ; JX?$:mtfLi-Z> 
^I2ONM0Sfii>J:y : ®2^PM0Sh7y 

> ? x^5rjfM-ri.?ti')^2<50P mo simnmMft 

ic, 1 *ts>NSPFI**JW3 XV 1 *t*)PaPF*HWi£» 

mta. tStff C MOSh?^^??: 
*-n>^^^tCfcV^T, ffi«JE?)Sfll<0NMOSb 

[0159] *^t:^sit*«5fett^ai^sw 

»jt^l3«fciX(f . 1 nm~2 0 nmOJf 

[0160] *^tc^SiS*JS6^»o^«^liB^ 
[0161] *%B^^i»IS^7ie«^^f*ga^ 

wgmizzhi*. Rmimmzfmikmzj: 0 i^u a 

[0162] *w>&zm&m&m8iffi(vmfti&w<r l 
m^mizxtM. fiiiBftwiB^cvDifefciio^yn 

>-M-ft.Mi: LXBm-&V>X'Z.7- vTXXU *J<n$&& 
K&miimmZ&&ZttfT%2>ttl>lZ. 

TOiT>- : exriii^<C«LTx-yf->-^$^C<v«^ 

[0163] ^%mz\^mim9im<7^mwmm.<r> 
^amzxixiii. &mtmmzf*m<wtz i^'jn 
ymmt LxBfcth<?>x\ mmvm¥®%izx°z . 

^^». 

[01] hmmmm. 1 ^^w^m.<nwk 

miMZ^-vsmmx-hh. 

[02] S mmnBB 1 c9¥3S#S£B?)lg 
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